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Abstract 

A proposal of the cosmological origin of Higgs particles is given. We show, 
that the Higgs field could be created from the vacuum quantum conformal 
fluctuation of Anti-de Sitter space-time, the spontaneous breaking of vacuum 
symmetry, and the mass of Higgs particle are related to the cosmological 
constant of our universe, especially the theoretical estimated mass m# of Higgs 
particles is m# = y 7 — 2/x 2 =y/\A/ir. 
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we know, Higgs field is so important in modern field theory, the spontaneous breaking 
of vacuum symmetry of it, and the associated Higgs mechanism are essential in the estab- 
lishment of a physical reasonable modern gauge field theory. However now after 37 years of 
Higgs' et al pioneer work [I], Higgs field is still some thing put in 'by hand' in field theory, 
no one knows the origin of it, no one knows how to give a theoretical estimation of it's mass, 
etc. So a possible proposal of the origin of it might have fundamental significance in modern 
physics. 

We shall show in this short report that Higgs field could be created from vacuum quantum 
conformal fluctuation (VQCF) of anti-de Sitter space-time. 

Let the VQCF of certain background space-time g a b, devoid of matter is g ab , i.e. 

9a b =(0\^\0)ga b = ^9a b (1) 

where Q is an operator, 2 = (0 |f2 2 | 0) is the vacuum expectation value of Q 2 in certain 
vacuum quantum state |0) of space-time g a b- Then the Einstein-Hilbert action I (g ab ) of 
VQCF of the Einstein-Hilbert action I (g ab ) will be 

= leb/ (^- 2A ) 

= l(<P,9ab) = 77^ f (-60;a0;6<f 6 + Rtf ~ 2A^) (-(/)* dx* (2) 
lo7rG J 

in signature (—2) [[|. No doubt, this action is a physical reasonable Einstein-Hilbert 
action of the conformal equivalent space-time g ab , but if one tries to look upon Eq. (2) as 
the action of Ay? 4 scalar field in certain background space-time g a t,, we shall find there is a 
wrong minus sign in the kinetic term as is evident by comparing Eq. (2) with that of \ip 4 
scalar Higgs field 

where fj 2 < 0, A > and the signature is (-2). Such situation implies, though Eq. (2) is 
really a physical reasonable gravity theory for the conformal equivalent space-time ~g abl it 
isn't a physical reasonable action of \p 4 scalar field in background space-time g^. 
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Now we shall show there exists a modified action other than Eq. (2) that can give the 
same gravitational field equation as Eq. (2) does, moreover, it can simultaneously give a 
physical reasonable meaning to the action of the Ay? 4 scalar field in background space-time 

dab- 

The modified action satisfied the above two demands is simply the action obtained by 
changing the sign of Eq. (2) to minus, i.e. 

l (<t>) = HA.tg"" - R4> 2 + 2A# 4 ) 

Put 



\» 2 0T ^ = 7^ ( 4 ) 



16nG 2^ ^ 8ttG 



= or A = — (5) 



8ttG 4 2tvG 
then Eq. (3) becomes 

h*)=\ (^) - -\^=\ (yy Mbgab - u {<p) (6) 

U (</>) = + ^ (7) 

Here \x 2 < 0, A > if A < 0, R = 4A < 0. Clearly Eq.(6) is exactly the Lagrangian of 
A0 4 Higgs field, except there is an extra factor (^J^) in the kinetic term. 

Thus at last we find that Higgs field is just the vacuum quantum conformal fluctuation 
of the background anti-de Sitter space-time, the imaginary mass n and the self-interaction 
constant A are determined solely by the gravitational constant and the cosmological constant 
of the background anti-de Sitter space-time. 

Especially, it is interesting to note that the spontaneous breaking of vacuum symmetry 
is just a result of vacuum quantum conformal fluctuation of anti-de Sitter space-time. 

Now, a comment should be given, as our universe is certainly not an anti-de Sitter (AdS) 
universe, so the VQCF of it and all the above associated conclusion may be nonsense. How- 



ever we would like to point out, according to the description of the dynamics of superbrane 
theory, superbrane may be propagated in the background of Anti-de Sitter space-time || . 

Also, we will show in the Appendix that anti-de Sitter space-time of (—A) might be 
created through quantum process or phase transition from de Sitter space-time of A. 

At last, as in conventional gauge field theory, one can easily give the following modi- 
fied masses m#, mi, and m g of Higgs particle, lepton and gauge particles respectively in 
c=H=G=l unit 



mi = da = Gi (9) 



m 
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3 n n / 3 



AtxG V 47T 



g^ = \-g.a (10) 



note, a = y — = y ^ = 1 from vacuum Einstein equation with A-term. Gi, g are 
the Yukawa coupling constant and gauge coupling constant respectively Eq. (9) and Eq. 
(10) show that the masses of leptons and gauges particles are of the same order as that in 
conventional gauge field theory, but the mass of Higgs particle is related to the cosmological 
constant of our universe from Eq. (8), so if we know A, we can determine m# and vice versa. 

As was shown by S. Perlmutter et al in 1999, 0, a best-fit flat cosmology to the observed 
Hubble constant Hq and cosmological constant A from the red-shift of J a -type supernova, 
that is 

fijif + £l\ = 1 

(fi M , ^a) = (0.28,0.72) (11) 

where &m,a = ^y^i Pc = f^is the critical mass density of our universe. It is straightforward 
to show from (11), I^a = and H ~ (50 — 80) km - s _1 (Mpc) 1 to get the recent value of 
A = (6.66 - 17) x 10~ 58 cm" 2 . So the recent value m H ^ (0.39 - 1) x 10~ 33 et; from Eq. (8) 
which is about 10~ 27 times the mass of electron! That is too small as expected by particle 
physicists. 



However, we should point out, until now, no one can give an universal agreed lower limit 
of m.H- S. Weinberg in 1996 concluded that two groups in 1995 could only give an upper 
limit of m.H ~< 225Gev ||. The LEP group seems to obtain in 1996-2000 a lower limit 
m# ^108Gev or 114Gev-<m# -< 118Gev. But the works of four groups following them in 
LEP got nothing to confirm the above results, as we know this leads to the final close of LEP 
0. As we know there is an inflationary phase in the very early evolution of our universe, 
when the cosmological constant A or the vacuum energy density |^ may be very large as 
compared to the nowadays' value Ao — 10 _58 cm~ 2 ,e.g. Linde estimated A may be as large as 
3xl0 40 cm~ 2 ||. the corresponding Higgs' mass from Eq. (8) will be ~10 7 Gev. If A ~10 34 
cm" 2 , the corresponding Higgs' mass from Eq. (8) will be just the above mentioned lower 
limit 108Gev, as the cosmological constant A is really a slowly decreasing quantity in the 
inflationary era, so it seems that the Higgs particles with masses in Gev range may be the 
relics of the VQCF of Anti-de Sitter space in inflationary phase of our very early universe. 
This is a very interesting result. 

Appendix 

First, let the Euclidean section of de Sitter instanton reads 



We perform first a analytical continuation at the equatorial space-like hypersurface of 
S 4 or Eq. (A-l) where the second fundamental form vanishes. 



ds 2 = — (de 2 + sin 2 6dQ 2 3 ) 



(A-l) 



where 



H 2 = -, A > 

3' 



is the unit 3-sphere. 








TV 



(A-2) 



we obtain then a Lorentzian inflationary closed universe 



ds 2 = — {-d x 2 + cosh 2 X dnl) 



(A-3) 
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or an Euclidean closed space 

ds " = Jp( d t + cos 2 xdnl) (A-4) 

After putting 

X — ► ~iX 

The second step analytical continuation is performed at x — f ■ or 




we then obtain from Eq. (11) an AdS space 

ds 2 = — (d$ 2 + sinh 2 M 2 ) (A-5) 

where 

H' 2 = -H 2 = -- < 
3 

so if we are now live in an inflating de Sitter bubble of A > 0, AdS spaces of (—A) < may 
be created through quantum process or phase transition from de Sitter space ||, and then 
Higgs fields created from the VQCF of AdS space. |J 

we should note, the boundary \ = f or $ = between space (A-4) and space (A-5) is a 
null surface, which is really a Cauchy horizon separating the causal de Sitter region (A-4) 
from the acausal AdS region (A-5), here the junction problem exists on this surface, as 
was shown in references ||, no junction trouble exists on time-like and space-like boundary, 
as the null surface may be looked upon as the limiting case of non-null surface, we may 
conjecture no junction trouble exists also in the above second step continuation, though a 
rigorous proof is required. 
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